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Abstract
This work involves the development and validation of an enzyme immunoassay technique (EIA) for the measure-
ment of the cortisol concentration in cattle saliva. Saliva samples present several advantages over plasma samples in
animal welfare studies. Saliva collection avoids venipuncture as a stress factor. Also, saliva components do not affect
EIA as plasma components do. At present, there is no validated commercial method for saliva cortisol determination
in cattle. Commercially available radioimmunoassay kits for human plasma (detection range: 10-100 ng ml-1) are not
sensitive enough for animals with low concentrations of salivary cortisol (< 4 ng ml-1). Thus, EIA is the method of
choice in cattle. Sensitivity, specificity, precision and accuracy EIA tests showed this method to be suitable and re-
liable. The detection limit was found to be 0.024 ng ml-1, representing an improvement on previously described tech-
niques. Intra-assay and inter-assay variation coefficients were 1.47-7.30% and 2.40-9.78%, respectively. The recovery
rates for cortisol added to saliva samples were 91.36-126.5%. Parallelism tests showed that saliva cortisol levels can
be determined in cattle samples without extraction. The correlation between saliva and plasma cortisol was positive
(r = 0.75) and the saliva/plasma cortisol ratio was around 10%. Therefore, saliva samples are a suitable alternative to
plasma samples in bovine HPA (hypothalamic-pituitary-adrenal) axis evaluation.
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Resumen
Validación de una técnica de EIA para la determinación de cortisol en saliva de ganado bovino
En este trabajo se desarrolla y valida una técnica de enzimoinmunoensayo (EIA) para la determinación directa de
cortisol en muestras de saliva de ganado vacuno. La saliva como muestra tiene gran importancia en los estudios de
bienestar animal, ya que presenta ventajas respecto al plasma, como son el menor estrés al que se somete a los ani-
males para su obtención y la menor interferencia que producen los componentes de la saliva en la determinación di-
recta en el EIA. Hoy en día no existe en el mercado ningún método validado para la determinación de cortisol en sa-
liva en la especie bovina. Las técnicas de radioinmunoensayo comercializadas para plasma de la especie humana (rango
de detección de 10 a 100 ng ml-1) no son suficientemente sensibles para el ganado bovino, que presenta concentra-
ciones de cortisol salival muy reducidas (< 4 ng ml-1), por ello no es posible su adaptación para esta especie, siendo
los métodos de EIA los de elección. El límite de detección de la técnica EIA fue de 0,024 ng ml-1, mejorando la sen-
sibilidad de técnicas descritas previamente; los coeficientes de variación intra e interensayo fueron de 1,47-7,30% y
2,40-9,78%, respectivamente. La recuperación de cortisol añadido a muestras de saliva fue de 91,36-126,5%. Las prue-
bas de paralelismo demostraron que es posible la determinación directa de muestras de saliva sin necesidad de ex-
tracción previa. La correlación existente entre las concentraciones de cortisol salival y plasmático fue alta (r = 0,75)
siendo la relación cortisol saliva/plasma en torno al 10%. Por ello, en la valoración del eje corticotropo de la especie
bovina es posible el uso de muestras de saliva en sustitución a las de plasma.
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Introduction
Cortisol is a glucocorticoid hormone synthesized
by the adrenal cortex. Its production, regulated by the
corticotropic axis can be altered in different circums-
tances. Cortisol concentrations rise in situations of
stress and this parameter is considered to be an indi-
cator of animal welfare (Cook et al., 1996; Ekkel et
al., 1997).
Although traditionally cortisol concentrations have
been determined in plasma or serum, their determina-
tion in other fluids or organic tissues (saliva, milk,
muscle, urine, faeces and hair) can be of interest in
animal welfare studies of different species (Cooper et
al., 1989; Fritsche and Steinhart, 1998; Verkerk et al.,
1998; Cirimele et al., 1999; Fritsche et al., 1999; An-
tignac et al., 2000; Morrow, 2000; Palme et al., 2000).
Cortisol levels in saliva correspond to the free frac-
tion of cortisol in plasma, which is the only biologi-
cally active fraction in the organism, owing to it being
able to bind to cell receptors (Vining et al., 1983; Lac,
1998). Increased cortisol secretion by the adrenal cor-
tex can saturate plasma cortisol binding proteins in-
creasing the ratio of free/total cortisol (Riad Fahmy et
al., 1981), and protein-bound cortisol acts as a reser-
ve and can be converted to free cortisol when produc-
tion is reduced (Rijnberk and Mol, 1989). Therefore,
salivary cortisol is a better indicator of the possible ef-
fects of the corticotropic axis on the animal organism
than plasma cortisol. On the other hand, blood extrac-
tion always produces stress in the animal that can cau-
se cortisol levels to rise while the animals are hardly
affected by saliva sample collection (Fell et al., 1985;
Cooper et al., 1989).
The analytical technique most used to determine
cortisol levels was traditionally radioimmunoassay
(Yalow and Berson, 1959, 1960). Nowadays, the use
of other non-radioactive markers are becoming incre-
asingly popular. This avoids the complications of using
radioisotopes especially those relating to public health
risks and the infrastructure required for the distribu-
tion, use and elimination of radioactive substances
(Munro and Lasley, 1988; Cooper et al., 1989; Silvan,
1991; Bertholf and Bowman, 1996).
Since there are no validated commercial kits on the
market for the determination of salivary cortisol levels
in cattle, it would be useful to develop techniques for
this purpose. Moreover, there are also very few refe-
rence data about basal salivary levels of cortisol (Fell
et al., 1986; Cooper et al., 1989; Schrama et al., 1996)
and their relation with plasma cortisol in these species
(Coteliouglu et al., 1998).
We hypothesized that saliva could replace plasma
samples in studies on the corticotropic axis. Therefo-
re, the aim of this work was to develop and validate an
EIA technique for cortisol determination in cattle sa-
liva, calculating basal salivary cortisol for cattle in re-
lation to animal age, the correlation between plasma
and salivary cortisol levels and the ratio of salivary to
plasmatic cortisol.
Material and Methods
To prepare the EIA technique, the anticortisol spe-
cific antibody (Ab) was obtained by immunizing three
male New Zealand rabbits with 3CMO-BSA cortisol
(Q-3889, Steraloids Inc, Wilton, USA).
Conjugation of horseradish peroxidase enzyme
(HRP) (EC 1.11.1.1. Type VI, RZ:3,2, Boehringer,
Mannheim) to the cortisol-acetate-3CMO molecule
(Q3885, Steraloids Inc, Wilton, USA) was done using
the anhydrous mixture method (Erlanger et al., 1957).
Development of the technique
The technique consisted in covering the 96-well
plate (Dinatech M29AR, Dekenford, Germany) with
100 µl Ab at a dilution of 1/2000 in a 0.05 M bicar-
bonate-carbonate solution, pH 9.6. After incubation
for 24 h at 4ºC, the plate was washed five times in an
automatic washer (Wellwash 4MK2, Denley Instru-
ments, UK) with a washing solution of 0.15 M NaCl,
0.05% Tween 20.
The plate was coated with the standards or the sam-
ples. The standard solutions were kept dissolved in
ethanol at –20°C. After evaporating the ethanol in a
nitrogen flow, the cortisol was reconstituted with the
1/160000 dilution of cortisol-HRP conjugate in an as-
say solution (EIA) (0.1M Na2HPO4; 0.1M NaH2PO4;
0.15 M NaCl with 0.1% BSA). The standard curve was
drawn up with a total of 11 concentrations: 0.5, 1, 2.5,
5, 10, 25, 50, 100, 250, 500, 1000 pg.
The final samples were prepared by mixing 50 µl of
saliva with 250 µl of the conjugate dilution. The cover
was made by adding 50 µl of EIA solution in referen-
ce wells and 40 µl in the sample wells. Then, 50 µl of
standard or 60 µl of each sample was added. Both the
samples and the standards were made in duplicate.
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After incubating for 2 h at room temperature, the pla-
te was washed again and 100 µl of K-blue substrate so-
lution was added to each well (Neogen Corporation, Le-
xington, USA). After 20 min, the reaction was stopped
by adding 100 µl of a 10% solution of H2SO4 followed
by reading in an automatic EIA reader (Multiskan RC,
v 2.6, Labsystem) with a 450 nm filter, connected to a
computer that processes the data using the Genesis Li-
te computer programme (Labsystem, Finland).
Validation of the technique
Validation tests consisted in calculating the sensiti-
vity, specificity, precision, accuracy and parallelisms.
The sensitivity corresponded to the detection limit
(Abraham, 1975) and sensitivity at 50% (Van Weemen
and Shuurs, 1975). The specif icity of the technique
was estimated by calculating the percentage cross-re-
action with different steroids supplied by Steraloids
Inc (Wilton, USA). The precision of the technique was
calculated by intraassay or interassay coefficients of
variation of plasma and saliva samples with high and
low cortisol levels. To evaluate accuracy, the percen-
tage recovery of cortisol concentrations added to sali-
va samples without steroids was calculated. The ac-
curacy of the technique was also studied by correlating
the results obtained with our technique and another ta-
ken as a reference; in this case with an EIA kit to de-
termine cortisol in human saliva (Salimetrics, Pennsyl-
vania, USA).
To eliminate possible interference of the sample
components, parallelism of the reference curve with
curves to which 10 µl of plasma or saliva had been ad-
ded was studied and with curves made using a stan-
dard concentration of cortisol in plasma, saliva or EIA
solution. Similarly, the serial dilution effect on the cor-
tisol concentration was also estimated. Salivary sam-
ple dilutions of 1:1 to 1:20 were made up.
Determination of baseline salivary cortisol
levels in cattle
To determine baseline cortisol levels in plasma and
saliva of cattle, samples from a total of 63 animals of
both sexes and 4 different breeds were used: Brown
Swiss, Pirenaica, Holstein and Blonde D’Aquitaine.
These animals were divided into two age groups: 40 ani-
mals under 1 year-old and 23 animals over 1 year-old.
All samples were collected at the same time of day,
in the evening when cortisol levels are lower. Blood and
saliva were collected from the calves by holding the
animals in the feeding shed. Adult animals were led to
an alley for blood extraction and then taken to the fee-
ding shed for collection of saliva samples. Since the
animals were accustomed to being moved from the alley
to the feeding room there was only a 10 min interval
between blood extraction and saliva collection.
Saliva samples were collected in the presence of fo-
od to stimulate salivation. Samples were obtained by
introducing cotton-wool balls in the parotid and su-
blingual duct openings. The cotton-wool was then cen-
trifuged at 1500 g for 30 min. Blood samples were co-
llected by puncturing the caudal vein. Plasma were
obtained by centrifuging at 1500 g for 15 min. Plasma
and saliva samples were kept in Eppendorf tubes at
–30ºC until analysis.
Plasma cortisol determination was done using EIA.
In the validation tests, the intra and interassay coeffi-
cients of variation were 3.47-6.3% and 3.92-9.93%,
respectively; the recovery of added cortisol ranged from
92.60 to 103.96% and Pearson’s correlation with a com-
mercial RIA technique was r = 0.973, p < 0.001, n = 50.
Results
The standard curve (Fig. 1) was linear from 1 to 100
pg/well (0.1-10 ng ml-1).
Validation of the EIA technique
The EIA technique used to determine cortisol con-
centration had a detection limit of 0.237 pg/well (0.024
ng ml-1), with a sensitivity at 50% binding of 13.55
pg/well.
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Figure 1. Standard curve for cortisol determination by EIA.
OD: optical density.
Cross-reactions with other glucocorticoids are ob-
served in Table 1.
The intraassay variation coefficients were 1.47%
and 7.30% and interassay coefficients were 2.40% and
9.78% at high and low cortisol concentrations, res-
pectively (Table 2).
Assessment of the accuracy of the technique reve-
aled recovery values for the different concentrations
of added cortisol ranging from 91.36 to 126.50% (Ta-
ble 3).
Comparing the results obtained with our technique
with those obtained with an EIA kit to determine cor-
tisol concentrations in human saliva, a Pearson’s co-
rrelation of r = 0.968, p < 0.001, n = 34 (Fig. 2) was ob-
tained.
The results of parallelism tests between the standard
curves and those drawn up with plasma, saliva or as-
say solution (EIA) can be observed in Figure 3. The
standard curve was parallel to curves drawn up with
saliva or EIA, but curves drawn up with plasma did not
maintain this parallelism.
Similarly, serial dilutions with saliva maintained li-
nearity in the concentrations obtained up to a dilution
of 1:20, with concentrations of 96.97 to 110.71% of
the concentration of the undiluted sample (Table 4).
Basal cortisol levels in cattle
Plasma and salivary cortisol concentrations obtai-
ned by EIA are showed in Table 5.
The correlation between plasma and salivary corti-
sol was highly signif icant (Pearson’s r = 0.746,
p < 0.001, n = 63) (Fig. 4).
Discussion
The validation tests for sensitivity, specificity, ac-
curacy, precision and parallelisms showed that the tech-
nique is valid and reliable for cortisol determination
in saliva in cattle species.
In the specificity tests an important cross reaction
is observed against prednisolone (157.17%) and to a
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Table 1. Percentage cross-reaction of the EIA technique for
determination of cortisol with other corticosteroids
Steroid % cross-reaction
Cortisol 100
Prednisolone 157.1
Prednisone 18.9
Cortisone 10.8
Corticosterone 6.4
11 Deoxycortisol 40.31
21 Deoxycortisol 5.31
Progesterone < 0.1
17 OH progesterone < 0.1
Dehydroepiandrosterone (DHEA) < 0.1
Dexamethasone < 0.1
Table 2. Intra-assay and inter-assay variation of the EIA
technique in determination of salivary cortisol at high and
low concentrations expressed as percentages
Intra-assay Inter-assay
X
SD CV
X
SD CV
(ng ml–1) (ng ml–1)
High concen-
tration 5.745 0.085 1.47 6.366 0.157 2.40
Low concen-
tration 0.337 0.025 7.30 0.134 0.013 9.78
X: arithmetic mean. SD: standard deviation. CV: coefficient of
variation.
Table 3. Percentage recovery of cortisol added to saliva sam-
ples determined by EIA
Endogenous Added Concentration
cortisol cortisol observed % recovery
(pg/well) (pg/well) (pg/well)
2.256 1 3.521 126.5
2.305 10 11.441 91.36
2.123 100 119.490 117.36
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Figure 2. Pearson’s correlation coefficient for the cortisol con-
centration in cattle saliva samples determined by the EIA tech-
nique and by an EIA marketed for human use.
lesser extent against prednisone (18.3%). This techni-
que is, therefore, counter-indicated for determinations
in animal samples that are being or have recently be-
en treated with this type of drug.
A cross-reaction is also observed with 11 deoxycorti-
sol (40.31%). This 11 deoxycortisol and 21 deoxycor-
tisol are direct precursors of cortisol, 11 deoxycortisol is
found in plasma at a concentration 100 times lower than
cortisol and does not have a glucocorticoid effect and
hardly any mineral corticoid effect (López-Calderón,
1999). This cross-reaction would only be a drawback in
patients with congenital adrenal hyperplasia, a rare di-
sease in human medicine that has not been described in
domestic animal species yet (Feldman and Nelson, 1996).
The baseline cortisol concentration in cattle saliva
was 1.22 ± 1.23 ng ml-1 in young animals and 1.32 ± 0.85
ng ml-1 in adult animals, and in all cases was lower than
4 ng ml-1. Cooper et al. (1989) obtained, using the EIA
technique in 8 adult females, a higher concentration than
this (9.15 ± 1.35 ng ml-1), as also observed by Fell et al.
(1986) in 4-11 week old calves (3.03 ± 0.27 ng ml-1).
However, Schrama et al. (1996) described lower values
(0.56 to 1.43 ng ml-1) in calves a few days old. It is im-
portant to bear in mind the large variability between in-
dividuals, within the same breed and age group. There-
fore, when designing an experimental study it is
recommendable to obtain baseline cortisol levels of the
animals that form part of the experimental protocol to
later use this as a reference value.
There is a high correlation between plasma and sa-
livary cortisol concentrations (Fig. 4), salivary corti-
sol concentration can, therefore, be used instead of
plasma concentrations. The correlation obtained in this
work (r = 0.746) was higher than that described pre-
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Figure 4. Pearson’s correlation coefficient between plasma and
saliva cortisol determined by EIA.
0
20
40
60
80
100
120
 cortisol (ng ml-1)
%
 B
/B
o
0.5 1 2.5 1,000
Standard curve
Standards in saliva
Standards in plasma
Standards in EIA
Standard curve + 10 µl saliva
Standard curve + 10 µl plasma
5 10 25 50 100 250 500
Figure 3. Parallelism tests for the cortisol standard curve for
the EIA technique and curves drawn up using cattle plasma and
saliva samples. B/Bo: binding of antibody conjugate.
Table 4. Linearity of salivary concentrations of serial dilu-
tions of saliva samples
Expected Observed % cortisol
Dilution concentration concentration in the undiluted
(ng ml–1) (ng ml–1) sample
1:1 2.243 2.243
1:2 1.122 1.088 96.97
1:3 0.748 0.728 97.33
1:4 0.561 0.573 102.14
1:5 0.449 0.482 107.35
1:15 0.149 0.164 110.07
1:20 0.112 0.124 110.71
Table 5. Basaline cortisol concentration in cattle plasma and
saliva samples by the EIA technique
N
Mean
SD
Confidence
(ng ml–1) interval
Animals
< 1 year
Plasma 40 8.911 11.158 0-31.23
Saliva 40 1.220 1.227 0- 3.674
sv-pl 40 13.69%
Animals
> 1 year 
Plasma 23 14.174 7.916 0-30.52
Saliva 23 1.324 0.852 0- 3.028
sv-pl 23 10.31%
N: number of animals. SD: standard deviation. sv-pl: propor-
tion of salivary cortisol to plasmatic cortisol concentrations.
viously by other authors (Cotelioglu et al., 1997; Stein-
hardt and Thielscher, 2000, 2001).
The salivary cortisol concentration was around 10%
of the plasma cortisol concentration (10.31 and 13.69%
in older animals and animals under 1 year-old, respec-
tively). These results agree with those recorded in hu-
man beings (Vinnig et al., 1983; Rijnberk and Mol,
1989; Lac, 1998), and are slightly higher than those des-
cribed by Cotelioglu et al. (1997) for cattle (6.1-8.5 %).
The parallelism between the reference curve and
those drawn up for saliva, indicate that saliva compo-
nents do not produce interference in the assay, while
the plasma components do, with lost of parallelism bet-
ween the standard curves and those drawn up with plas-
ma (Fig. 3). This f inding, together with the greater
stress associated with blood sample collection and the
presence in the saliva of the biologically active corti-
sol fraction, make the use of saliva a very interesting
alternative to plasma samples.
RIA techniques available on the market for cortisol
determination in plasma or serum in humans have a
detection interval of 10 to 100 ng ml-1 (Coat a Count,
Diagnostic Products Corporation, Los Angeles, USA;
ICN Biomedical, Costa Mesa, USA). It is, therefore,
not possible to validate these for salivary cortisol de-
terminations in cattle since these concentrations are
much lower (0-4 ng ml-1).
The technique prepared in our laboratory had a de-
tection limit below those described previously for sa-
livary cortisol determination in cattle: 0.237 pg/well
vs 1 pg/well (Cooper et al., 1989) and 0.024 ng ml-1 vs
0.05 ng ml-1 (Schrama et al., 1996). It also had a hig-
her sensitivity than the EIA technique marketed by Sa-
limetrics (USA) for human use (< 0.07 ng ml-1).
In conclusion, the EIA technique developed can be
used for salivary cortisol determinations in cattle, with
a better sensitivity than techniques used previously.
This is especially important taking into account the
low cortisol concentrations present in this species. The-
refore, salivary cortisol determinations can be used
instead of plasma cortisol determinations in studies of
the cattle corticotropic axis.
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